The Clock Drawing Test (CDT) is a common neuropsychological measure sensitive to cognitive changes and functional skills (e.g., driving test performance) among older adults. However, normative data have not been adequately developed. We report the distribution of CDT scores using three common scoring systems [Mendez, M. (1996). Screening for dementia of the Alzheimer type in the community: The utility of the Clock Drawing Test. Archives of Clinical Neuropsychology, 11(6), [529][530][531][532][533][534][535][536][537][538][539], among 207 cognitively normal elderly. The systems were well correlated, took little time to use, and had high inter-rater reliability. We found statistically significant differences in CDT scores based on age and WRAT-3 Reading score, a marker of education quality. We present means, standard deviations, and t-and z-scores based on these subgroups. We found that "normal" CDT performance includes a wider distribution of scores than previously reported. Our results may serve as useful comparisons for clinicians wishing to know whether their patients perform in the general range of cognitively normal elderly. © 2007 National Academy of Neuropsychology. Published by Elsevier Ltd. All rights reserved.
The Clock Drawing Test (CDT) has been extolled as an inexpensive, fast, "non-threatening" (Shulman, Shedletsky, & Silver, 1986) , and easily administered measure of cognitive function, especially in the elderly (e.g., Brodaty & Moore, 1997; Cahn et al., 1996; Freedman et al., 1994) . A multifaceted and multidimensional measure, the CDT is thought to test visuoconstructive and visuospatial skills, symbolic and graphomotor representation, auditory language skills, hemiattention, semantic memory, conceptual abilities, and executive function including organization, planning, ample recommendations to the contrary, has still been recommended as a primary (and single) screening measure of a critical decline in functioning. For example, the CDT is recommended as a major component in the assessment of driving safety among older adults by the National Highway Traffic Safety Administration (NHTSA) in conjunction with the American Medical Association (Wang, Kosinski, Schwartzberg, & Shanklin, 2003) .
The purpose of this study was to collect data on commonly used qualitative and quantitative CDT scoring methods in a well-characterized population of cognitively healthy older adults. Our goals were to: (1) examine pertinent demographic variables in relation to CDT performance; (2) provide normative data for these scoring systems; and (3) provide a better understanding of the psychometric properties of the various scoring systems evaluated, including their interrater reliability, their interrelation to one another, and their clinical utility. Clinicians may use these data to determine whether their patients' CDT performances fall within the normal range of scores for cognitively healthy elderly individuals with similar demographic characteristics. They may be further guided in their selection of a particular CDT scoring system that most adequately suits their clinical or research needs.
Methods

Subjects
The study population consisted of volunteers enrolled in the patient control registry for the Boston University Alzheimer's Disease Core Center (BU ADCC). The data collection for this study was approved by the local institutional review board and all participants provided written informed consent. As previously described (Jefferson et al., 2006; Jefferson, Wong, Gracer, Green, & Stern, 2007) , all participants are at least 55 years old and are evaluated annually with physical and neurological examinations, informant interviews, and neuropsychological tests. All diagnoses are made at multi-disciplinary consensus meetings. Although the CDT is regularly administered as part of the neurological examination, CDT scores are not included in the consensus diagnosis of objective cognitive impairment; that is, a diagnosis of mild cognitive impairment (MCI), dementia, or other cognitive disorder is not made solely on the basis of CDT performance. In addition, all members of the consensus diagnostic conference are blinded to CDT scores.
As part of the registry's neuropsychological evaluation, all participants are administered the Wide-Range Achievement Test-3 (WRAT-3) Reading subtest (Wilkinson, 1993) as a measure of estimated pre-morbid intelligence. Additional measures include the MMSE (Folstein et al., 2001 ) as a screen of cognitive impairment, and the Geriatric Depression Scale (GDS) (Yesavage et al., 1983 ) as a self-report measure of depression. In addition, all participants complete a Clinical Dementia Rating (CDR) interview (Hughes, Berg, Danziger, Coben, & Martin, 1982; Morris, 1993) .
For the current study, only participants who received a consensus diagnosis of non-case were included. This diagnosis includes participants who have completely normal performance (i.e., ≤1.5 standard deviations of normative data) on neuropsychological tests (without consideration of the CDT) (n = 207). This group of non-case participants was further divided into "Controls" (CTL), those without any self-or informant-report of cognitive, behavioral, or functional complaint (n = 168), and "Controls-Complaint" (CTL-C), those with self and/or informant complaints (n = 39). All participants for the current study had a global CDR = 0, an MMSE score ≥26, and a GDS score <20. The distributions of demographic variables and performance on the MMSE, WRAT-3 Reading test, and GDS in the normative sample are shown in Table 1 .
Procedures
The CDT is part of the ADCC registry annual visit. Trained examiners administer the test in the following standardized fashion: a sheet of 8.5 in. × 11 in. white paper is folded in half such that a pre-drawn clock (set to 10 after 11) on the left side of the paper is concealed. For the Command condition, the examiner states, "I want you to draw the face of a clock, put in all the numbers where they should go, and set the hands at 10 after 11". Once the subject has completed the Command condition, the examiner turns the paper over, exposing the pre-drawn clock on the other side for the Copy condition, and states, "I want you to copy this clock exactly as you see it. Try to make your drawing look exactly as this drawing". The subject is allowed to make erasures, and may attempt to draw each clock two times. a WRAT scores were unavailable for two subjects (n = 205). b GDS scores were unavailable for four subjects (n = 203). c Source: Census Bureau (2006).
Selection of clock drawing scoring systems
We selected scoring criteria from three different scoring systems: those developed by Mendez et al. (1992) , Freund et al. (2005) , and Cahn et al. (1996) , which includes their adaptation of the quantitative score approach reported by Rouleau et al. (1992) . We will refer to these three systems as Mendez, Freund, and Cahn, respectively . These scales were selected because they provide a combination of qualitative and quantitative scales for evaluation of the CDT, as well as for other specific reasons enumerated below.
The Mendez system was included because it has one of the largest Receiver Operating Characteristic (ROC) (Lusted, 1971) curve areas compared to other CDT scoring systems, as well as excellent inter-and intra-rater reliability (Storey et al., 2001) . It is also one of the most detailed quantitative scoring systems available. The Mendez scale awards a maximum of 20 points based on the presence of various clock features (mostly related to the correct quantity and positioning of numbers and hands) and the absence of intrusive marks. The authors report that normal elderly subjects (n = 26) do not miss more than two points, versus subjects with Alzheimer's disease (n = 46) who miss at least three points. Furthermore, this scoring system takes "less than a minute" to complete (Mendez et al., 1992) .
The Freund system was included because of its recommended use by the NHTSA, in conjunction with the American Medical Association, as a primary component in the assessment of driving safety among older adults (Wang et al., 2003) . It should be noted that a newer version of the Freund scale was used for the present study than the one recommended in the NHTSA manual. The Freund scale assigns up to seven points based on three categories: time (three points), numbers (two points), and spacing (two points), with a score of 7 being perfect. Among older community members referred for driving evaluations, loss of more than two points on the scale was a predictor of unsafe driving based on a STISIM Drive Simulator test (Freund et al., 2005) .
The Cahn system is comprised of multiple parts: a quantitative scale, a qualitative scale, and a global score. The 10-point quantitative scale was first presented by Rouleau et al. (1992) and is a revision of the scoring originally presented by Sunderland et al. (1989) . A high score on the quantitative scale indicates good performance. Cahn et al. (1996) added a qualitative scale, which assigns one point to each of eight possible errors. Thus, a high qualitative score is indicative of poor performance. Finally, the Cahn global score is calculated by subtracting the qualitative score (number of errors) from the quantitative score, for a possible range of −8 (worst) to 10 (best). A global score ≤6 (a combination of a quantitative score ≤7 and a qualitative score ≥1) is highly sensitive and specific in differentiating normal subjects and those with dementia of the Alzheimer type, and was better than either of the individual scores alone (Cahn et al., 1996) .
Many additional scoring systems were not evaluated in this study. Some systems have less favorable sensitivity and specificity in cognitive screening than those selected for this investigation (cf. Brodaty & Moore, 1997; Storey et al., 2001; Yamamoto et al., 2004) . Also, some authors base their scoring criteria on the use of a pre-drawn clock circle (Manos, 1999; Shulman et al., 1986; Watson et al., 1993; Wolf-Klein et al., 1989) and, in some cases, the administration does not require subjects to draw the hands on the clock (e.g., Watson et al., 1993; Wolf-Klein et al., 1989) .
Clocks were also evaluated as to whether the "center" (i.e., a central point or intersection of the clock hands) was present and whether this center was displaced more than a specified number of millimeters horizontally or vertically from the measured center of the clock face. These types of errors have been found to be uncommon in cognitively normal elderly (Freedman et al., 1994) . These errors were reported as a three-point quantitative scale modified from Freedman et al. (1994) .
Clock scoring
In order to assure that raters scored clocks from healthy subjects with minimal bias, retrospective scoring was completed for a total of 579 clocks from the entire sample of ADCC participants. This consisted of 216 non-cases, 206 subjects diagnosed with MCI, 115 with possible or probable Alzheimer's disease, and 42 with "ambiguous" or other diagnoses. CDT productions from the subjects' most recent ADCC registry visits were utilized.
Scoring was completed by a group of five research assistants blinded to the participants' diagnoses. One rater scored each clock using all of the scoring systems. All scoring system training was conducted by the ADCC's senior neuropsychologist (RAS) for each rater. The raters found it necessary to further specify certain qualitative aspects of the systems to enhance inter-rater agreement. The compiled scoring systems used for this study, including supplemental modifications, are included in Appendix A.
Inter-rater reliability was assessed by comparing CDT scores from two raters who each scored the same 50 clocks from subjects sampled randomly from all diagnostic groups (the controls used for the normative analysis presented here, as well as subjects with other diagnoses, such as MCI or probable Alzheimer's disease) to assure adequate variability in scores. For every clock scored, each rater used all scoring systems arranged in random order.
In order to establish whether repeated use of the scales increased the speed of scoring (i.e., if there was a learning curve), we compared the mean time required to score both the Command and Copy conditions of the first and last 50 clocks scored by a single rater, using each of the scoring systems arranged in random order. As with the 50 clocks used in the inter-rater reliability analysis, these 100 clocks were sampled from a range of all ADCC subjects.
Statistical analysis
We used a significance level of 0.05 for all analyses unless otherwise indicated. All cognitively normal subjects (n = 207) who met inclusion criteria were incorporated in the majority of analyses. We excluded two participants from analyses involving race: one who self-identified as Asian and one who self-identified as "other", resulting in a sample size of 205 (n = 31 "Black/African American", hereafter referred to as African American, and n = 174 "White").
Because the Command condition is more commonly administered (that is, some clinicians give only the Command condition and not the Copy condition), we created norms based on the Command condition and used the resulting demographic sub-groupings to present Copy condition norms as well. Here we present descriptive statistics and other general information for both the Command and Copy conditions.
Correlations among CDT scores
We performed Pearson and Spearman correlation analyses to examine the association between the different CDT scoring systems. To avoid type I errors due to multiple correlations, we set a conservative alpha level of 0.01.
Differences in the normative sample and CDT scores
In order to identify whether differences in cognitive complaint status, race, or sex might be related to differences in CDT scores, we compared performance on the CDT and other measures across these subgroups using independent samples t-tests and Pearson chi-square tests. Mann-Whitney U-tests were used to evaluate differences on the Center scoring system. We evaluated differences in CDT scores according to education by dividing the sample into five education levels: less than a high school degree, high school graduate, some college, college graduate, and post-college education. Differences in CDT scores by education level were determined using one-way ANOVAs and Tukey's HSD post hoc test.
Impact of demographic variables on CDT performance
To determine meaningful normative subgroups, we evaluated the degree to which demographic variables accounted for variance in CDT scores. We performed a stepwise multiple linear regression for each CDT Command condition total score. Variables included in the models were: age, years of education, WRAT-3 Reading raw score, MMSE, sex, and race.
For each model, plots of the residuals against the predicted (fitted) values suggested that the assumption of constant variability for residuals underlying regression modeling was not consistently met. Additionally, the Cahn models violated the regression assumption of equality of error variance. We therefore report the results of the regression analyses with the caveat that they should not be assumed to be a complete picture of the relations between CDT scores and other variables. They were, however, useful for guiding our further evaluation of these interactions as we determined normative subgroups.
Development of norms
The next step in establishing normative data was to determine how and where to subdivide the different variables contributing to differences in CDT performance. We used the following iterative process, beginning with the variable that accounted for the greatest proportion of variance in CDT scores in the linear regression models. The sample was divided into potentially clinically meaningful subgroups. One-way ANOVAs and Tukey's post hoc comparisons were performed to determine which subgroups differed significantly from each other. This was repeated using numerous different subgroup combinations until the most parsimonious division was determined-that is, the fewest possible subgroups that showed the most statistically significant differences in CDT scores, and with a statistically sufficient number of subjects per subgroup. Once this was determined, we performed independentsamples t-tests and chi-square tests to evaluate whether other variables (e.g., education, race, WRAT-3 Reading scores) differed significantly between the subgroups. To determine whether other variables attenuated the subgroup differences in CDT scores, we entered potential covariates into type III sum of squares models of between-subjects effects.
Once this process had been completed for the first variable, we repeated the process using other variables that had shown an association with CDT scores. After the subgroupings for two variables were determined, we performed 2 × 2 ANOVAs to see whether all subgroups remained significant and whether there were interactions between them. We continued this process until all meaningful groupings had been determined, and used the resulting subgroups to present normative data.
Center qualitative features
Analyses of the Center score were conducted separately as a categorical, qualitative measure because the threepoint Center scale was limited in range. We performed nonparametric correlations (Spearman's rho) to evaluate the association between the qualitative features of the clock center and the variables that had been significant in the linear regression models, using a conservative alpha level of 0.01 due to multiple correlations. Once the normative subgroups had been determined, we evaluated differences in quantitative or qualitative center scores across the subgroups using Mann-Whitney U-tests.
Results
Inter-rater reliability
The ICC coefficients for each CDT system are presented in Table 2 . For every scoring system except the Cahn qualitative scale, ICC coefficients were in the "almost perfect" range for inter-rater reliability (Landis & Koch, 1977) for both Command and Copy conditions. The Cahn qualitative scale was the only scale that did not show almost perfect correspondence between raters: its Command condition ICC would be considered "substantial" and its Copy condition only "moderate" (Landis & Koch, 1977) .
Time to score
Mean times to score using each system are displayed in Table 3 . The "Cahn Scale" includes the time to complete the quantitative and qualitative scales and to calculate the global score. As seen in Table 3 , the Freund scale scoring took the least amount of time, while the Mendez and Cahn scales took about twice as long as Freund. Time to implement decreased significantly with practice for all four systems (see Table 3 ). The Mendez and Cahn scales showed the largest decrease in scoring time (approximately 30 s, or 1/3 of the total original scoring time, were reduced with practice). The Freund scale remained the least time-consuming after practice.
Clock scores-normative subjects
Descriptive statistics for all CDT total scores across the entire normative sample are shown in Table 4 .
Correlations among CDT scores
The results of the Pearson correlations were not significantly different than the results obtained using the Spearman correlations; therefore, we report the results of the more robust parametric (Pearson) correlations in Table 5 . All CDT Command condition scores were significantly correlated with each other. The strongest correlations between systems were for the Freund and Mendez scales, which accounted for 57.6% of each other's variance. The two subgroups did not differ significantly on mean MMSE, WRAT-3 Reading raw or adjusted scores, or on any of the CDT Command or Copy condition scores. Therefore, we considered all 207 "non-cases" as one group for the purpose of establishing norms, regardless of the existence of a self or informant complaint.
Race
In our sample, African Americans were younger than Whites, had fewer years of education, and had lower WRAT-3 Reading raw and adjusted scores (Table 6 ). MMSE and GDS scores did not differ between groups. There were significant differences in CDT Command condition total scores between Whites and African Americans for the Cahn qualitative and Cahn global scores (Table 6 ). The two groups also differed on the Copy condition for the Mendez and Cahn qualitative scores (Table 6) . We therefore examined possible racial differences in our subsequent, more detailed analysis of CDT scores.
Sex
The only significant between-group difference by sex was mean education level (17.5 years, S.D. 2.5 for males; 16.1 years, S.D. 2.6 years for females, t(205) = 3.62, p < 0.001). There were no differences between males and females on CDT Command condition total scores. There was a significant difference in mean Cahn quantitative Copy condition scores in an independent samples t-test between men (mean 8.5, S.D. 1.1) and women (mean 8.8, S.D. 0.6), t(101) = −2.61, p = 0.041). 
Education
CDT Command condition scores differed significantly by education level only for the Cahn global score (F(3, 203) = 2.98, p = 0.033). Post hoc tests showed that the significant differences in Cahn global scores were between the least-educated group (high school or less) and both the college graduates and those with post-college education.
Impact of demographic variables on CDT performance: multiple linear regression
No multiple linear regression model was able to account for more than about 10% of the variance of any CDT scoring system. For the Freund and Mendez systems, age and WRAT-3 Reading raw scores were the only significant predictors of Command condition total scores. For the Cahn system, age was a significant predictor of scores on all three of the subscales. The MMSE predicted some of the variance in the quantitative scale, and race was a significant predictor of the qualitative scale; however, age and WRAT-3 Reading were again the only significant predictors of the Cahn global score.
WRAT-3 Reading raw score accounted for the apparent influences of MMSE, education, and race in the majority of the multiple regression analyses. A stepwise linear regression using WRAT-3 Reading raw score as the dependent variable showed that race, years of education, and age were the most significant predictors of WRAT-3 Reading, together accounting for 26.4% of its variance. Race alone accounted for 17.7% of the variance in WRAT-3 Reading scores. Therefore, in our subsequent determination of normative data based on our sample, we considered the influences of age and WRAT-3 Reading raw scores, but also separately analyzed the effects of age, education, and race since WRAT-3 Reading data are often unavailable clinically.
Development of norms
Age
We began by determining meaningful subgroups for age because it had been the only universal predictor of CDT scores in the linear regression models. The best age group division was a split at age 75 (<75 vs. ≥75 years) for all three scoring systems (Table 7) .
When we compared the two age groups split at 75 years, we found that MMSE was significantly different between the older and younger participants. No significant differences were found between age groups for cognitive complaint (CTL vs. CTL-C), WRAT-3 Reading raw score, race (White vs. African American), or sex (Table 7) .
Because of the between-group age differences in MMSE and the association between WRAT-3 Reading and CDT performance, we adjusted for WRAT-3 Reading raw scores and MMSE to determine whether these variables had any impact on the age group differences in CDT scores. Age remained statistically significant when WRAT-3 or MMSE were covaried. WRAT-3 Reading raw scores were significant covariate factors in the type a "Low Education" = no college degree; "High Education" = college degree or higher. b For the GDS, n = 58 among those with "low" education level and n = 145 among those with "high" education. c For the WRAT-3 Reading score, n = 58 among those with "low" education and n = 147 among those with "high" education. d d.f. = 1 for all chi-square tests.
III sum of squares models of between-subjects effects for all CDT scores, with the exception of the Freund scale.
Education
We dichotomized participants into those with less than a college degree ("low education") and those with at least a college degree ("high education"). Significant differences emerged between the low and high education groups on the Cahn global (t(205) = −2.48, p = 0.014) and quantitative (t(205) = −2.22, p = 0.027) Command conditions (Table 8) . Because this categorization (low vs. high education) showed larger and more robust differences between CDT scores than the original five education levels, we used the dichotomization for the remaining education analyses.
Differences emerged between the two education groups for sex, race (White vs. African American), MMSE and WRAT-3 Reading raw and adjusted scores (Table 8 ). The education differences between the Cahn quantitative and global scales remained significant when race and sex were included as covariates. When WRAT-3 Reading raw score was covaried, however, neither Cahn quantitative nor Cahn global scores remained significantly different between the two education groups.
In a 2 × 2 ANOVA including both age (split at 75 years) and education (high vs. low) as independent variables and comparing CDT scores between groups, education was only a significant factor in the models for the Cahn quantitative (F(1, 203) = 4.27, p = 0.040) and Cahn global (F(1, 203) = 4.49, p = 0.035) Command condition scores. The interaction between the age group split at 75 years and the high/low education levels was not significant for any of the CDT Command condition scores. Again, when WRAT-3 Reading raw score was included as a covariate, education was no longer significant in the between-subjects analysis for any of the CDT scores, while age at visit remained significant for all of them. This result was consistent when MMSE was used as a covariate instead of WRAT-3 raw score.
Without data on a subject's WRAT-3 scores, educational differences may appear to influence performance on components of the Cahn scoring system. We therefore provide means and standard deviations for the Cahn scores based on education and separately based on WRAT-3 Reading raw scores.
Sex
To determine if dichotomizing the sample at age 75 years would lead to interactions between age and sex on the CDT scores, we performed a 2 × 2 ANOVA using both age split at 75 years and sex as independent variables. No sex differences were detected for any of the clock scores, nor was the interaction between sex and age split significant for any CDT score.
Race
When we analyzed the overall effect of race on CDT Command condition scores in an ANCOVA, and adjusted for WRAT-3 Reading raw score, race did not have a significant effect on any of the CDT scores. When years of education or high/low education level were used as a covariate instead of WRAT-3 Reading raw score, the Cahn qualitative score remained significantly different between Whites and African Americans (covarying years of education: F(1, 202) = 5.36, p = 0.022; covarying high/low education level: F(1, 202) = 5.57, p = 0.019).
Because we planned to report normative scores based on education level for the Cahn scales, we evaluated the effect of race in a 2 × 2 × 2 factorial ANOVA including age (split at 75 years), education (high vs. low), and race (White vs. African American) as independent variables. Age and education were significant factors for all three Cahn scales. Race was a significant factor in both the qualitative and global scales, but not for the quantitative scale. The interaction between education and race was significant for all three scales.
WRAT-3 Reading scores
The most significant differences in CDT scores emerged when WRAT-3 Reading raw scores were split at 49 (scores of 39-48 compared to scores of 49-57). However, because of the resulting large difference in sample size between these groups (i.e., only 22 subjects had WRAT-3 Reading raw scores <49), this division was deemed inappropriate. Splitting WRAT-3 Reading raw scores at 52 instead (comparing scores of 39-51 to scores of 52-57) also resulted in significant differences for the Mendez, Cahn quantitative, and Cahn global scores, but not for the Freund or for Cahn qualitative scores. The sample size was more evenly distributed between these two groups (WRAT-3 Reading raw scores <52: n = 67; ≥52: n = 138). Furthermore, in a 2 × 2 ANOVA of CDT scores by the age split at 75 years and WRAT-3 Reading raw scores split at 52, both age and WRAT-3 Reading raw scores were significant factors in every model except WRAT-3 Reading raw score in the Cahn qualitative model, which had not been significant before. There were no statistically significant interaction effects between age and WRAT-3 Reading raw score in any of the models at the WRAT-3 Reading split at 52.
Presentation of norms
Based on the above iterative processes, we present the following means and standard deviations for the CDT scores: unadjusted scores split by age (55-74 and 75-98) for every CDT scoring system (Table 9) ; scores split by age and WRAT-3 Reading raw score (<52 and ≥52) for every system (Table 10) ; and Cahn (quantitative, qualitative, and global) scores split by age, education, and race (Table 11 ). Appendix B presents the standardized (t-and z-) scores for the raw scores on every CDT scoring system using these demographic groupings.
Center score analysis
Among the 207 normative subjects, every clock in both the Command and Copy conditions featured a center. In the Command condition, 19 (9.2%) of the clocks had centers that were displaced horizontally more than 5 mm. Eleven (5.3%) were displaced vertically; 9 of which (81.8%) were shifted more than 7 mm above the center, and 2 (18.2%) more than 5 mm below the center. Only four clocks (1.9%) had both horizontal and vertical displacement. In the Copy condition, 12 centers (5.8%) were horizontally displaced, and 10 (4.8%) were vertically displaced; of these, two clocks (1.0%) were both horizontally and vertically displaced. The vertical displacement was primarily below center in the Copy condition (6 out of 10, or 60% of those vertically displaced); only four centers were shifted up more than 7 mm. There were no significant correlations between age, WRAT-3 Reading raw score, or years of education and qualitative center scores. Mann-Whitney U-tests indicated no significant differences in quantitative or qualitative center scores between the normative subgroups, with one exception. In the Copy condition, the proportion of subjects who vertically displaced the center of the clock was significantly greater among those with a WRAT-3 Reading score <52 compared to those with a WRAT-3 Reading ≥52 (Table 12 ). a "Low Education" = no college degree; "High Education" = college degree or higher. b n = 89 for Copy condition.
Discussion
This paper presents normative data from a sample of 207 cognitively normal elderly aged 55-98 using three previously published CDT scoring systems. The three systems generally correlate well with each other, have high interrater reliability, and require only about a minute each to complete. However, in this sample of cognitively healthy elderly volunteers who underwent extensive evaluative and diagnostic procedures, previously published recommendations for what constitutes "normal performance" for all three systems were too narrow in range and overly strict, even in spite of the relatively high level of education in this sample.
Features of the scoring systems
Inter-rater reliability
The Mendez system showed the highest inter-rater reliability on both the Command and Copy conditions, though all of the systems were near-perfect with the exception of the Cahn qualitative scale. The Mendez was the most reliable scale, likely because of its very explicit scoring criteria, while the Cahn qualitative scale was the least reliable, likely because of its subjective nature. Regardless, our findings suggest that all three of these systems can be used consistently across different raters with adequate (and brief) training.
Time to score
Each system took less than 1 min to implement; however, the Freund system remained the quickest even after practice (mean of 42 s per clock). The brevity of scoring suggests that any of these systems could be implemented in clinical practice without excessive burden, and that the clinician would benefit from using a scoring system rather than relying solely on clinical judgment.
Correlations between CDT scores
The three systems are moderately to highly correlated, with the strongest correlation observed between the Mendez and Freund systems. This latter finding is likely due to the scales' overlap in evaluating similar aspects of clock drawing.
CDT scores
Overall CDT scores
Median CDT scores among our sample were within the normal ranges estimated by the systems' authors. However, there was variation in performance using each CDT scoring system, which would lead many of our normal subjects to be misclassified as cognitively impaired using previously published cutoffs. Our findings suggest that the range of "normal" performance is much greater than previously reported using smaller sample sizes and comparing clock drawing abilities between diagnostic groups (Cahn et al., 1996; Freund et al., 2005; Mendez et al., 1992) .
Impact of demographic and testing variables
We found no difference in MMSE, WRAT-3 Reading, or any CDT scores between the CTL and CTL-C subgroups. However, CTL-Cs were, on average, older and had higher GDS scores than the CTLs. This finding is consistent with previous research documenting an association between increased memory complaints and depression even in the absence of objective cognitive decline (Derouesné et al., 1999; Grut et al., 1993; Spitznagel & Tremont, 2005) .
CDT performance was significantly worse among older subjects for all three scoring systems. This finding was best captured using a cutoff age of 75 years (i.e., <75 vs. ≥75), a result consistent with other studies reporting the natural deterioration of clock drawing ability among healthy adults with increasing age (Freedman et al., 1994; Kozora & Munro, 1994; Paganini-Hill, Clark, Henderson, & Birge, 2001; Spreen & Strauss, 1998) .
Education level was not significantly related to CDT scores using the Freund or Mendez systems, but did relate to scores using the Cahn system. Likewise, racial differences appeared correlated with clock drawing performance based on the Cahn system, with Whites performing better and committing fewer qualitative errors than African Americans. However, the WRAT-3 Reading test, a marker of education quality (Manly, Jacobs, Touradji, Small, & Stern, 2002) , attenuated any educational and racial differences in CDT scores. Thus, WRAT-3 Reading explained differences in CDT scores more effectively than did racial and educational differences combined. These results are consistent with Manly et al.'s (Manly, Byrd, Touradji, & Stern, 2004 ) finding that quality of education, as operationalized by WRAT-3 Reading scores, is an important predictor of cognitive performances among African Americans.
Previous studies have found few, if any, differences in CDT scores across racial and ethnic categories (cf. La Rue, Romero, Ortiz, Liang, & Lindeman, 1999; Marcopulos & McLain, 2003) . Instead, educational differences appear to have a greater effect on clock drawing (Marcopulos & McLain, 2003) . As noted, however, norms based on years of education may not adequately reflect differences in the quality of education received across racial groups, and racial differences in cognitive performances may be observed even when education level is considered (Howieson, Loring, & Hannay, 2004; La Rue et al., 1999; Manly et al., 2002 Manly et al., , 2004 . Manly and her co-workers (Manly, 2006; Manly & Echemendia, 2007) further argue that presenting race-specific norms can be problematic because it may discourage consideration of other underlying factors for which race is merely a proxy (e.g., socioeconomic status differences). Thus, although we present norms separated by race and education, we recommend the use of the tables based on WRAT-3 Reading raw scores if possible, as this measure better accounts for CDT performance differences than do racial or educational differences. Because the WRAT-3 is not routinely administered in many clinical settings and is unlikely to be used as part of a quick CDT screening, norms based on education and race may be the most appropriate way to evaluate CDT performance if the Cahn system is used. Fig. 1 . Examples of qualitative differences detected by each scoring system. a. Received a low score (4) on Freund due to spacing and correction markings (rater considered this "intrusive marks"), but a "normal" score on the Mendez (18) and Cahn global (9) scales. b. Received a perfect score on the Mendez scale (20) but missed points on Freund (6) and Cahn global (8) due to spacing errors. c. Received a "normal" score on Freund (5) and Mendez (18) , but a poor score on Cahn (5) because of clock face distortion and spacing errors. d. Received a "normal" score on Freund (5) and Mendez (19) , but a low score on Cahn (4) due to spacing and incorrect hand placement.
Ultimately, no regression model was able to account for more than 10.1% of the total variance in CDT scores, suggesting that, overall, CDT performance is not dramatically affected by these demographic variables. While there are significant differences in scores between the normative subgroups presented here, the absolute differences between the groups are not substantial.
Qualitative features of clock drawing
A comparison of the qualitative features of the Command condition clocks that received very different scores across the three systems revealed some particular differences between the scoring systems (Fig. 1) . The Freund scale quantifies errors in the spacing of numbers relative to each other and to the edge of the clock face and is most affected by the presence of tics or other intrusive marks on the clock. The Freund scale does not, however, detect whether the time is correctly indicated (i.e., if the long and short hands are switched, but the hands still point to both the "2" and "11", the clock may still receive a perfect score).
The Cahn system assesses spatial errors as part of the quantitative score and in two particular questions on the qualitative scale. One question regards specific planning deficits (i.e., unnecessarily large gaps before the 12, 3, 6 or 9 on the clock), a feature not measured separately from other spacing errors on the other two scoring systems. Cahn is the only system of the three that explicitly requires the hands to be correctly set to 11:10. It is also the only system that evaluates the overall shape of the clock face, as the Mendez system only requires that there be a "closure figure" present, and the Freund system assumes that there is a clock circle but does not evaluate features of the circle itself. Finally, although all three systems measure whether the numbers are placed within the clock circle, this is a somewhat more significant error in the Cahn system because a subject loses points from both the quantitative and qualitative subscales if the numbers are outside of the circle.
Like Freund, the Mendez system does not require that the hands be correctly set as long as there are two hands of unequal length that point to the "2" and the "11". Unlike Freund and Cahn, the Mendez scale only detects major spacing errors ("most symbols are distributed as a circle without major gaps") instead of the finer aspects of number placement (Freund requires that the numbers be "spaced equally or nearly equally from each other" as well as from the edge of the circle, and Cahn begins subtracting points if there is anything beyond "minimal error in the spatial arrangement"). Because of this feature, many "normal" clocks receive lower scores using Cahn or Freund than they would using Mendez due to minor spacing errors.
Only one subject obtained a perfect score across all three scoring systems (Fig. 2) . Using the scoring cutoffs established by the systems' authors, 36 of our cognitively normal subjects' clocks would be considered abnormal using the Freund scale, 58 using Mendez, and 66 using Cahn. The NHTSA, which makes recommendations about driving based on an older eight-point version of Freund's scale, recommends that a driving intervention is necessary if a subject demonstrates "any incorrect element" on the Freund system. Assuming the NHTSA would make the same statement regarding the seven-point Freund scale, only 7 of our 207 cognitively healthy study participants would not be referred for a driving intervention.
There were some consistent features among the clocks drawn by this normative sample. Because the Mendez scale measures 20 specific aspects of clock drawings, trends in these features can be used to generalize about normative performance. No subject included numbers that went beyond the number 12, and numbers were always written as Arabic or Roman numerals. All but three subjects drew enclosed clock faces (example, Fig. 3 ). Nine subjects (4.3%) did not draw a clock hand pointing to the "2"; however, every subject correctly drew a clock hand pointing to the "11". Even though the Mendez scale has less stringent spacing criteria than the other two systems, 143 subjects (nearly 70%) still left "major gaps" between the numbers on their clocks, and 157 (75.8%) did not place the numbers "about equally adjacent" to the edge of the clock face. Twenty percent of the sample failed to draw all of the numbers entirely inside the clock face. The length difference between the hands was not visible in 7.2% of the clocks. As measured by the Center scale, every subject drew a clock that featured a real center (or one implied by the intersection of the two hands), though this center was not necessarily located in the actual center of the clock face. Furthermore, in seven subjects' drawings, the hands did not radiate from the direction of the closure figure center. Five of the errors on the Mendez scale were committed by one subject each, and all five unique errors were committed by a total of three subjects (Fig. 3) . Fig. 3 . Normative clock drawings featuring unique errors (using the Mendez scoring system). a. One of three clocks that did not feature "a totally closed figure without gaps". b. Only clock without "all hands . . . totally within a closure figure center" and "no repeated or duplicated number symbols" (note small "10" along hand pointing toward "2"). c. Only clock that did not have "three or more clock quadrants . . . [with] one or more appropriate numbers" and "most symbols. . .ordered in a clockwise or rightward direction". d. Only clock without "all numbers 1-12. . .indicated".
Center scoring criteria
Most healthy elderly subjects drew a center that was within Freedman et al.'s (1994) normative range, with 5.8-9.2% of subjects displacing the center more than 5 mm to the left or right, and 4.8-5.3% drawing the center more than 5 mm below or 7 mm above the actual center of the clock face. However, these scoring criteria only provided an absolute measurement of displacement, rather than a measure proportional to the size of the clock face itself. That is, a 5-7 mm displacement allows a much smaller margin of error for a subject who draws a clock that is 13 cm in diameter than for a subject who draws a 5 cm-diameter clock. Freedman et al. used these displacement indices to evaluate a condition where an 11.7-cm diameter circle was pre-drawn for the test subjects. Though it is important to note that some horizontal and vertical center displacement was present among healthy elderly subjects in the present study, a more accurate measurement of the center displacement could have been made if it were based on distances proportional to the size of the clock face. In terms of the CDT's clinical utility, however, the calculation of a proportional measurement is likely to add significantly to the time required to complete scoring and may be impractical. Of note here is that no healthy elderly subject drew a clock without a central intersection of the hands or a central mark.
CDT scoring systems: selection for clinical use
The choice of a scoring system ultimately depends on the specific needs and goals of the clinician or researcher. For example, a person interested in obtaining detailed information about many specific qualitative aspects of clock drawing might use the Mendez system. For a quick CDT screen that is highly sensitive to spatial errors without much qualitative detail, the Freund system might be the preferred choice. The most thorough information about some of the most essential aspects of clock drawing, such as correct hand positioning and the clock's gestalt, is probably best obtained using the three-part Cahn scale. Ultimately, all three systems have high inter-rater reliability and correlate well with each other; thus, the final decision about which system to choose will likely depend on the consumer's preferences about detail and time.
Limitations and further research
Education
A limitation of this study is the fact that our sample was highly educated compared to the general older adult U.S. population, and therefore we were unable to evaluate the effect of a wide range of educational experiences on CDT performance. Several studies examining the effect of education on clock scores suggest the presence of a "ceiling effect"; that is, healthy elderly obtain very high scores regardless of their education level, so little to no education effects are observed (Lam et al., 1998; Ratcliff, Dodge, Birzescu, & Ganguli, 2003; Shulman, 2000) . Because of the proposed ceiling effect, additional normative data including healthy subjects with fewer years of education may not produce vastly different results than those presented here, where education appeared to have a minor, if any, influence on CDT performance. However, this issue appears unresolved and merits further investigation.
Longitudinal versus cross-sectional data
Because this was a cross-sectional study, it is possible that there were cohort differences (e.g., education, culture) between the older and younger subjects which led to differences in CDT performance (Howieson et al., 2004) . Therefore, our results should not be interpreted as determining the effect of aging on CDT performance. On the other hand, in a longitudinal community study of initially non-demented adults aged 65 and older, Ratcliff et al. (2003) found that 46.6% of participants' CDT ability declined over a 10-year period. Longitudinal analysis of CDT productions by a cognitively normal aging sample would be required to evaluate whether the observed decline in clock drawing ability with age is applicable to the individual level.
Addenda to published scoring systems
The high inter-rater reliability seen in the present study is likely due in part to the "Supplemental Scoring Criteria" which were used in conjunction with the published scoring systems. Thus, the intraclass correlations reported here are likely to be higher than if only the original scoring criteria had been employed. We therefore encourage the use of the more specific scoring criteria to improve consistency across different raters in clinical and research settings.
Conclusion
Clearly, most healthy elderly subjects cannot draw clocks that would be considered "perfect" using any of the scoring systems evaluated in this study. Although there may be some generalizations about what can be considered a normal clock based on these data, it is important to note that if a subject's clock shows an error or feature not seen among this cohort, it does not necessarily mean that the person is impaired. Likewise, if a clock drawing falls into the range of "normal" performance, this does not necessarily implicate that the subject is cognitively normal.
The goals of this study were to provide normative data for cognitively healthy elderly subjects using several published CDT scoring systems, accounting for meaningful demographic and test variables, and to evaluate the clinical utility of three common CDT scoring systems. This is the first presentation of such information based solely on cognitively normal elderly volunteers. Knowledge about what to expect from an unimpaired elderly individual is critical because the failure to account for variations in normal performance has serious consequences for healthy elderly who present for cognitive evaluation. Therefore, these results have implications for screening and diagnostic practices as well as clinical research outcomes. For example, current standards for CDT performance using the Freund scale might lead to 97% of our normative sample being referred for an on-road driving evaluation (Wang et al., 2003) . Such recommendations must consider normal performance, especially if they lead to consequences that unnecessarily limit independence in everyday activities.
Although CDT performance is generally high among cognitively healthy elderly volunteers, some variation in drawing abilities, affected by variables such as age and quality of education, will be observed and should not be assumed to be abnormal. Continued research comparing well-characterized samples of cognitively healthy participants and those suffering from various degrees of cognitive decline and other disorders may further elucidate whether particular features of clock drawing are characteristic of cognitive impairment. Scoring Criteria for Clock Drawing Interpretation Scale (Mendez et al., 1992) A. Clock Drawing Command and Copy Score Table ( 
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Stimulus bound response
The tendency of the drawing to be dominated or guided by a single stimulus. There may be three types of stimulus bound errors: (a) the hands may be set for 10-11 instead of 10 after 11; (b) time is written beside the 11 or between 10 and 11 on clock; and (c) the hands are absent or are pointed toward "10" and/or "11". This type of error is also considered to be a conceptual error Scoring Criteria for Cahn et al.'s (1996) global Clock Drawing Test (CDT) Scale A. Instructions: this score takes into account not only the presence and correctness of the features of the clock, but also the number of error types made and strategies used in the construction of the clock. Score is determined by subtracting the Cahn qualitative error score from the Cahn quantitative Score. Maximum score is 10; minimum score is −8
B. Global Clock Drawing Score Table
Center scoring criteria (Freedman et al., 1994) Criteria Element present
Command Copy
Clock has a center (drawn or inferred/extrapolated at the point where two hands meet) Source: Cahn et al. (1996) . a Note: a high score on the quantitative scale is indicative of good performance, and a low score of poor performance. A high score on the qualitative scale indicates poor performance, while a low score indicates good performance. For the global score, which is the difference between the quantitative and qualitative scales, a high score indicates good performance and a low score indicates poor performance. WRAT-3 raw score = 39-51 WRAT-3 raw score = 52-57 WRAT-3 raw score = 39-51 WRAT-3 raw score = 52-57
Score z-Score t-Score Score z-Score t-Score Score z-Score t-Score Score z-Score t-Score a Note: for African Americans aged 75+ who were college graduates or higher, the mean qualitative score was 2.0 and the S.D. was 0.0 (n = 4). Therefore, no t-or z-score information could be provided for this subgroup.
